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Abstract 
In literature the most studied organ degradation processes are related to instruments located in Northen Europe where the 
ageing of metal alloys is influenced by the environment and the climate typical of those regions. This paper focuses on some 
examples of degraded organ pipes coming from several parts of Sicily (the biggest island of the Mediterranean Sea) 
characterized by different environmental and climate conditions typical for the Mediterranean area. Investigation on the 
specific causes that had produced the degradation was performed by using X-ray Photoelectron Spectroscopy (XPS), 
Scanning Electron Microscopy coupled with Energy-Dispersive X-ray analysis, (SEM-EDX) and X-Ray Diffraction (XRD). 
Three different kinds of degradations were found: the formation of tin dioxide blisters on the tin based pipes caused by normal 
oxidation processes induced by the atmospheric oxygen; another tin oxidation process results in tin chloride phases formation; 
finally, in the case of lead pipes, the degradation is related to the formation of lead nitrate salts.  
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1. Identification of the problem 
The most important materials that are commonly used in making ancient organ pipes are tin rich and lead rich 
alloys. In some cases brass, wood, glass and ceramic are also used but not so frequently because they correspond 
to particular timbric registers only. On the contrary tin and lead alloys are always present in all the instruments. 
In fact, when aluminium, that is now widely used, was not still prepared with the economic electrolytic systems, 
tin and lead were the only cheap metals showing the ductility necessary to the production of pipes and to their 
acoustic registration. 
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The tin-rich alloys are often used for the construction of prospect pipes in pipe organs. Pipes manufactured with 
tin-rich alloys have a bright sound and typically look more shiny than pipes manufactured with lead-rich alloys, 
commonly used for systems in the interior of the object, hidden behind the prospect. Some kind of degradation 
may be seen in both lead-rich and tin-rich pipes. Lead-rich pipes can be affected by corrosion in the inner surface 
as a consequence of the interaction between the metal and the environment, whereas two main different types of 
degradation phenomena may affect tin- rich pipes: (i) interaction with the environment that leads to localized tin 
corrosion or (ii) the so- ge of tin crystal structure [1]. In both 
cases, i.e. localized corrosion and tin pest, the morphology of the deteriorated area can be very similar: grey 
pustules, pinholes, cracks and exfoliations appear on the external surface of the pipe. 
With respect to the environmental interactions, it is known that atmospheric corrosion of tin in clean dry air is 
very slow and that the main corrosion products are SnO and SnO2; tarnishing of tin was sometimes observed in 
the indoor atmospheric conditions. In literature the most studied organ degradation processes are related to the 
instruments located in Northen Europe where the ageing of metal alloys is influenced by the environment and the 
climate typical of those regions [2]. This paper focuses on some examples of degraded organ pipes coming from 
several parts of Sicily (the biggest island of the Mediterranean Sea) characterized by different environmental and 
climate conditions typical of the Mediterranean area.  
2. Sampling and experimental 
Four organs, which are briefly described in Table 1, investigated in this research. Prospect pipes that were 
affected by macroscopic corrosion have been selected and sampled from the deteriorated areas. The morphology 
of the deteriorated areas has been observed by stereo-microscopy (SM) and Scanning Electron Microscopy 
(SEM) with a Reicher Jung and a LEO Supra 55VP equipped with a field emission electron source. Corrosion 
products, located in selected areas, have been investigated by X-Ray Powder Diffraction (XRPD) using a Philips 
PW1130 computer controlle s counting time) and a Cu K
Dispersive Spectroscopy (EDX) has been used for localised compositional microanalyses. X-ray photoelectron 
spectroscopy (XPS) that was recorded in order to determine oxidation states of the elements and their surface 
atomic concentrations were performed on PHI 5600 system using a X-ray Al- =1486.6 
eV). The energy scale of the spectrometer was calibrated with reference to the Ag 3d3/2=368.3 eV photoelectron 
line. Binding energies were calculated with respect to the C 1s ionization at 285.00 eV from adventitious carbon 
that is generally accepted to be independent of the chemical state of the sample under investigation [3].  
Table 1. sampled organ pipes 
  
 
 
 
 
 
   
Provenance Constructor and year Sample 
Santa Maria delle Stelle Church  Comiso (RG) Del Piano, 1725-1735 C1, C2 
 Noto (SR) Grimaldi, 1723 N1_2, N2_A-2, N2_B-1, N2_B-3 
Enna Cathedral  Enna (EN) Platania, 1864 E1, E2 
San Paolo Basilica  Palazzolo Acreide  Battaglia-Andronico, 1849 P1, P2 
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3. Results 
EDX analyses enabled us to determine the average composition of the alloys which originally constituted the 
body of the pipes and the composition of the deterioration products, as reported in Table 2. 
The samples of Group C show a big reduction of thickness of the metal lamina; exfoliation (Fig. 1 a,b) and 
powdering phenomena are also quite spread on the pipes. In many parts of the surfaces some holes caused by loss 
of the material can be seen. The colour is very dark, with noreflections and iridescence. Fig. 5a shows a SEM 
backscattered image of the cross section of the sample C1. It can be noticed that the external and internal surfaces 
of the pipes are strongly deteriorated and that the initial thickness of the pipe became only a thin layer inside the 
material (bright areas) which in other parts of the pipes has completely disappeared XPS and EDX data (C2 in 
table 2) show that the deteriorated layer is composed of SnO2 mixed with metallic Sn; in particular the Sn 3d5/2 
binding energy (486,2 eV) is in accordance with the values of SnO2 reported in literature [4; 5]. Also the 
quantitative analysis of surface by XPS allowed us to confirm Sn metal and SnO2 being the atomic concentrations 
35,13% and 64,87% for tin and oxygen respectively. Different elastic modulus between external layer and the 
inner one has caused tensions of the degraded material followed by fractures perpendicular to the pipe surface. 
This has caused lack of cohesion which can be macroscopically noted as a crumbling of the external layers. SEM 
images show that the grey pustules and the exfoliation on the surface of the pipe are often covered with 
interconnected cracks. The pustules are partially or completely disintegrated and in some cases the crater under 
the pustule is so deep to generate a hole across the lamina. 
 
Table 2. Average composition of alloys, atomic% (EDX) 
 
 
Sample Sn Pb Bi N Cl O 
C1 86,5 13,5 - - - - 
C2 (degraded zone) 32,4 - - - - 67,6 
N1_2 65,8 14,8 - 6,8 - 12,6 
N2_A-2 55,9 20,4 8,4 - - 15,3 
N2_B-1 63,6 9,7 - - 8,8 17,9 
E1 57,3 14,4 - - - 28,3 
P1 (crater) 34,6 - - - - 65,4 
Fig. 1. (a) extremity of degraded pipes; (b) pustules and exfoliation phenomena on a group C pipe 
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Fig. 2. (a) SEM images of cross section from sample C1; (b) EDX spectra of degraded zone of cross section (sample C2) 
 
XRD analyses were carried out starting from the crumbling material of the samples of group C. Figure 3 
shows the result of the diffractogram of the sample C2 compared to the standard for SnO2 [6; 7; 8] that is the 
predominant phase detected in the sample. The peak broadening can arise from the small size of the cassiterite 
crystals that contribute to give a low cohesion to the crust layer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. XRD spectra from sample C2 
 
 
The samples of the Group P come from one of the front pipes of the main register of San Paolo Basilica; there 
can be lots of round shaped excrescences found all over the body, but the colour remains characteristic for the tin 
- a shiny light grey. T holes (Fig. 4 a,b).  
In the pipe of group P the pustules are more uniformly distributed along the cylindrical part of the body. The 
cross section of the sheet in deteriorated areas always shows a greyish crust with a multilayer morphology. 
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Traces of pitting corrosion can also be observed. The EDX characterization performed on pustules revealed also 
in this case the formation of SnO2. This particular morphology of degradation may be caused by zinc impurities 
in the alloy that were found in traces by EDX analysis or, alternatively, by cryptic crystal seeds of -Sn which 
would promote the tin oxidation [9]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) pustules on the back of the pipe; (b) excrescences on the mouth of the pipe 
 
 
SEM images and EDX spectra in Figure 5 clearly shows the morphology and the composition of the crater. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) SEM images of a crater from sample P1, in secondary electron; 
(b) SEM images of a crater from sample P1, in BSD; (c-d) EDX spectra; 
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The pipes of the Group N show themselves highly deteriorated in the central part at about a half of the length 
and in the region of the mouth. The colour is characteristic of the tin, light grey. In several places circular white 
areas can be observed. Because of the degradation on the edges of the mouth, the accumulation of a white 
powdery substance that crumbles by touching can be seen, being also the metal partly brittle. Concerning the 
distribution of pustules on the surface of the pipes, they are located along a region, strip shaped, that initially was 
in contact with the wood of the decorations (Fig. 6a); XPS analysis clearly show the presence of nitrogen and 
chlorine (Fig. 7 a-c) in the samples taken from zone completely degraded in which is located the white powder 
shown in Figure 8 a,b The XPS atomic concentration of Sn 34,84%, Cl 35,11% and O 30,05% suggest the 
presence of a mixed system with equal amounts of SnO2 and SnCl2 [10; 11]. Moreover binding energy of Pb 4f 
and N 1s suggest the presence of Pb4(NO3)2O3 [11; 12] and Pb3(NO3)2O2 [13; 14; 15] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. (a) body tin alloy and solder alloy with different degradation; (b) spots of saline formations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. (a) XPS spectra of N2_B-1; (b) Cl 2p region from sample N2_B-1; (c) N 1s region from sample N2_B-2 
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Group E samples show a reduction of thickness of the lamina of the body and an evident greenish colour on 
the front side; they are also characterised by whitish pitting areas (Fig. 9 a,b). Overall (front, back and inside) the 
colour is darker than the normal colour that the pure tin pipes should have. Structurally, the pipe is not fragile like 
in previous cases and  holes. The only exception is on the top, near the boundary, where there 
is a lack of black patina that reveals a crystalline structure of the underlying metal. Also in this case the SEM-
EDX investigation confirmed a consistent layer of SnO2 (Fig. 9 c) containing traces of copper to manifesting in 
greenish colour of this tube  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. (a) mouth of the pipe; (b) spots of saline formations on the body of the pipe; (c) SEM images of the layer of SiO2. 
Fig. 8. (a-b) sample N2_B-1 
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4. Concluding remarks 
Backscattering electron images and EDX technique enabled to assign the elements present in the specimens 
and to determine the cause of the degradation processes taking place. With the XPS and XRD methods we were 
able to specify the chemical substances within our artefacts. The basis of the degradation process within organ 
pipes under investigation consists of the transformation of the tin to tin dioxide (SnO2). The proposed degradation 
NOX, SO2 or O3. In fact we supposed that the only chemical substances causing oxidation process in the air were 
O2 and H2O according to the following reactions: 
 
4+ + 4e- 
O2 + 4e- 2- 
E° = -E°Sn + E°O = 0,14 V + 1,23 V = 1,37 V 
 
4+ + 4e- 
4H2O + 4e- 2 + 4OH- 
E° = -E°Sn + 0 = 0,14 V 
 
Of course the kinetics of the degradation process was enhanced by the temperature and by the presence of 
trace elements which would have played an important role as catalysts. The presence of zinc impurities and some 
copper in the groups P and E could suggest a similar hypothesis. The phenomenon is quite probable in specimens 
of the P group where some blisters of tin dioxide caused probably by zinc impurities. 
The other two typologies of degradations were observed in specimens of N group.   
The first one regards the tin corrosion resulting in tin chloride phases formation. Probably this kind of corrosion 
was caused by the sodium chloride rich wind coming from the adjacent sea coast or by the senseless use of 
hydrochloric acid (HCl) in the proximity of the organ. 
The second degradation process is related to the formation of lead nitrate salts that probably originated from 
the decomposition of pigeon ejections near and/or on the metallic device. The organic materials containing 
proteins and urea, through a series of nitrogen oxidation steps, result in the formation of nitrate ions. The 
phenomenon is typically promoted by biological species. Nitrosomonas bacteria first convert ammonia into 
nitrites and then nitrobacters convert the nitrites into nitrates, which are readily absorbed by the lead substrate. 
So, the lack of a correct scheme of maintenance and, in particular, the absence of a right cleaning plan can cause 
heavy damages to these materials. 
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